Abstract Age-related muscle loss, termed sarcopenia, has been linked to an increased risk of falls, disability, and mortality. The purpose of this study was to develop a predictive measurement tool to estimate normalized fat-free mass index (FFMI), a means of identifying sarcopenia, in community-dwelling older adults. Functionally relevant measurements including mobility tests, food records, circumference measures, balance, and gait variables were included to ensure this model was comprehensive and accessible to clinicians. Eighty-five community-dwelling older adults (42 male) aged 75.2 ±5.7 years participated. Each completed two questionnaires regarding general health and physical activity levels. Anthropometric, strength, balance, gait, nutrition, and body composition tests were then conducted. A fat-free mass value, determined by bioelectrical impedance analysis, was normalized by height (FFMI). FFMI along with grip strength and gait speed was used to classify sarcopenia. FFMI was significantly correlated with all circumference measures (waist, arm, calf, and thigh) and body mass index (BMI), but no nutritional parameters. In males, maximum grip strength and a novel quiet balance measure, time outside of a 95 % confidence ellipse (TOE), were both positively correlated to FFMI. In females, age and double-support time correlated to FFMI. The prediction equation that accounted for the most variability of FFMI included the independent variables: sex, step time, BMI, and TOE (adjusted R 2 =0.9272). The proposed linear regression model can successfully predict FFMI values to a high level of accuracy in men and women. With this information, sarcopenia can be predicted by clinicians, and early interventions can be planned and implemented.
is characterized by a progressive loss of muscle which begins as early as the fourth decade of life (Waters et al. 2000) . Though it is not a linear relationship, the decrease in muscle is related to a decrease in function and strength (Janssen et al. 2002) . Many factors such as motor unit loss (Doherty et al. 1993) , declines in mitochondrial biogenesis (Marzetti et al. 2010) , and inflammation (Payette et al. 2003) are thought to perpetuate the loss of muscle throughout the aging process, though the exact mechanisms are not fully understood.
Although the presence of sarcopenia can be detected by using body composition devices that measure fat-free mass, these anthropometric measures alone do not provide information about functional deficits related to the loss of muscle mass. Recently, the European Working Group on Sarcopenia in Older People (EWGSOP) has agreed on a method for identifying older adults with sarcopenia (Cruz-Jentoft et al. 2010 ). Their proposed model uses gait speed (<0.8 m/s) followed by hand grip strength (values are dependent on body mass index (BMI), though approximately <30 kg men, <20 kg women) and body composition analysis (decreased muscle mass in reference to a healthy young population) to classify these individuals. While this technique has become the recent standard in targeting individuals who require clinical intervention, it is important to note that the tool identifies older adults who already have functional impairments. It has been suggested that "at risk" patients should be assessed with this technique; however, these patients were already deemed non-ambulatory or incapable of rising from a chair unassisted (Fielding et al. 2011) . Thus, while this definition may accurately identify older adults with marked mobility impairments, it may not be sensitive enough to predict the start of subtle functional impairments. As sarcopenia is a progressive condition, it is necessary to have a model that is able to predict low muscle mass and related changes before the onset of motor impairments. Access to a validated and reliable predictive criterion would facilitate early screening and detection of sarcopenia before individuals are considered at risk. Once identified, early interventions could be implemented to attenuate the progression of sarcopenia with the goal of decreasing falls and improving quality of life.
The main objective of this study was to validate and expand on a previous model developed in a small sample of older adults (n=33) by our lab (Krause et al. 2011) and determine the best predictors of fat-free mass index (FFMI) . In addition, the incorporation of the EWGSOP's new classification of sarcopenia, the current gold standard, into the study was of interest to us while moving forward in this expanding field. Our previous model (Krause et al. 2011 ) was the first attempt to characterize low muscle mass in a small group of older adults living in the community as well as individuals residing in an assisted-living facility. To streamline our model, we removed two clinical tests and added a nutritional assessment component; we also chose to restrict our sample size for validation of our model to community-dwelling individuals. The initial study used the Dynamic Gait Index (DGI) in conjunction with the Berg Balance Scale and the Timed Up and Go test, and each of these tests was strongly correlated with each other. To improve data collection efficiency in this validation study, we elected to modify the protocol and include only one clinical test (DGI) which is designed to assess functional balance and gait during eight different adaptive locomotor tasks (e.g., obstacle avoidance, stairs). Adequate nutrition is thought to play a key role in the progression of sarcopenia; therefore, a 3-day food record was used to investigate potential relationships between diet and fat-free mass. Ingested protein provides amino acids which are necessary for muscle protein synthesis (Kim et al. 2010) . In addition to protein, vitamin D receptors have been linked to muscle strength (Geusens et al. 1997) . For numerous reasons, including social and sensory changes (Robinson et al. 2012) , food intake declines with age; therefore it was also of interest to examine total calories consumed as well as a breakdown of these macronutrients.
In the current study, the examined predictors were based on anthropometric, strength, nutrition, balance, and gait measures in a larger population (n=85) of healthy community-dwelling older adults. A measure of fat-free mass normalized by height [FFM (kilograms)/ height 2 (square meters)] was compared to a young population (Schutz et al. 2002) and used to classify sarcopenia along with grip strength and gait speed using the cutoff values published by the EWGSOP (CruzJentoft et al. 2010) . It was hypothesized that grip strength, waist circumference, double-support time variability within the gait cycle, and anterior-posterior sway variability would all be related to FFMI, as suggested by our previous work in this area (Krause et al. 2011) . In addition to the above factors, it was predicted that protein intake would be correlated with FFMI, as it has been implicated in muscle regulation (Loenneke and Pujol 2011; Lord et al. 2007 ).
Methods

Participants
Eighty-five community-dwelling older adults residing in the city of Guelph (42 male, 43 female), aged 75.2± 5.7 years, provided informed consent for participation in this study. A priori power analysis was conducted before the study (G*power) which estimated that a sample size of 80 individuals would achieve adequate power to support the current hypotheses. All older adults completed a phone screening before participation to ensure they were at least 65 years of age and able to walk 18 m, stand for 1 min unassisted, and perform activities of daily living independently. The phone screening also determined whether the participant had a pacemaker or any congestive heart or kidney conditions. These exclusion criteria were set in place due to the conductive nature of the bioelectrical impedance analysis test. This study was reviewed and approved by the Research Ethics Board at the University of Guelph.
Questionnaires
At the beginning of testing, all participants completed a self-reported general information and health questionnaire to gather sociological data and address any possible health concerns. Next, the participants completed a Mini Mental Status Exam (MMSE) (Folstein et al. 1975 ) to assess cognition. All participants achieved a score of at least 25 (of a possible 30), which was the minimum score necessary to participate in the study (set by Research Ethics Board). Informed consent was then completed, followed by the Physical Activity Scale for the Elderly (PASE) to provide a single score to quantify the level of general daily activities (Washburn et al. 1993 ).
Anthropometric measurements
Participants were asked to remove their footwear while their height and weight were measured. Using a standard measuring tape, waist circumference, midarm circumference, mid-calf circumference, mid-thigh circumference, and leg length (measured from the greater trochanter to the floor) were recorded.
Body composition
Bioelectrical impedance analysis (BIA) was used for all of the body composition measures for its portability, efficiency, and cost-effectiveness. A two-compartmental model of fat mass (FM) and fat-free mass (FFM) was measured for all participants using BIA (model 1500, Bodystat, Douglas, Isle of Man) which is based on conductance and impedance of tissues within the body. Since the conductance of fat mass and fat-free mass differ, an impedance value can be obtained and used to estimate these mass distributions (National Institutes of Health Technology 1996) . This technique has often been used by others (Janssen et al. 2002 (Janssen et al. , 2004a Krause et al. 2011; Castillo et al. 2003) in the assessment of muscle mass and was critical within this project to enable the collection of a larger sample of older adults. Our BIA procedure was detailed to control for possible variation. To ensure proper hydration status, all participants were instructed to: drink at least two glasses of water, not to participate in any strenuous exercise, not to eat a large meal or drink excessive caffeine 12 h before, and not to consume alcohol 24 h before the session. Participants voided their bladder then lay supine with limbs abducted so they were not touching their torso for at least 4-5 min. Following this, two medi-trace electrodes (model 130; Kendall, MA, USA) were placed on both the right hand and right foot. Cables were then attached from the BIA device to the electrodes. Impedance was measured (coefficient of variation=16 %) and then using the equation provided by the device, FM and FFM were calculated (kilograms) for each participant.
Biomechanical and clinical tests
Isometric handgrip strength testing was completed using a portable Vernier digital hand dynamometer and collected using LoggerPro software (Vernier, OR, USA; 60 Hz). All subjects were asked to stand with their arms close to their thorax and elbows bent at a 90°angle when squeezing the dynamometer. Participants were given visual feedback and verbal encouragement throughout each trial. Peak forces (Newtons) from six trials (three per hand) were then completed. The peak force, regardless of hand dominance, was recorded and used to represent the subject's maximum handgrip strength.
Gait was measured using a 7-m GAITRite mat system (50 Hz; CIR Systems, PA, USA). To ensure steady-state gait, participants walked an additional 2 m before and after the mat during five self-paced trials (Kressig et al. 2006) .
Each participant also completed the DGI to obtain a single scored value used for clinical assessment. This series of eight walking tasks was designed to examine recovery from perturbations and transitions (Herman et al. 2009 ).
Balance was measured using an AccuGait portable force platform (50 Hz; AMTI, MA, USA). Participants were asked to remove their footwear and stand quietly staring at a target placed at eye level on the wall in front of them. Foot tracings were used to ensure similarity of foot placement between trials. Three, 1-min trials were conducted with the participant sitting and resting between trials.
Acquisition of nutritional information
Following the data collection session of data collection, participants were asked to complete a multipleday food record (version 3; Fred Hutchinson, WA, USA). Eighty-three of the 85 food records were returned (∼98 % return rate). Participants were instructed to give a detailed description of the food and beverages consumed (brand, portion size, meal) and location of meal (home, restaurant, other) over a 3-day period which included two consecutive weekdays and 1 day on the weekend.
Data analyses
Biomechanical data analysis
The first and last footfalls were eliminated from each GAITRite trial to remove any partial footfalls and changes in velocity due to transitioning on and off the mat. For each trial, the means and standard deviations of speed (meters per second), cadence (steps per minute), and speed normalized to each participants' leg length (NS; seconds -1 ) were calculated. Means and standard deviations of additional spatiotemporal measures, including step length (centimeters), step time (seconds), stride length (centimeters), stride time (seconds), double-support time (seconds), and single-support time (seconds), were then analyzed. Finally, the mean standard deviation (mean SD) and standard deviation of the standard deviation (SD of SD) were also calculated to provide insight into step-to-step gait variability.
Force plate data were filtered at 10 Hz using a dual low-pass second-order Butterworth filter. The first and last 5 s were removed from each trial to capture steady quiet standing, and the remaining 50 s was analyzed. Center of Pressure (COP) was then calculated (ReedJones et al. 2008) and normalized according to the mean COP excursion value in both the medial-lateral and anterior-posterior directions. Mean anterior-posterior and medial-lateral ranges, velocities, and accelerations, and cumulative path lengths were all calculated. Cumulative path length is a sum of all of the displacement that occurred throughout the trial (Collins and De Luca. 1993; Winter. 1995) . In addition to the standard quiet standing measures used, further analysis were performed in order to characterize brief periods of instability. A novel measure, time spent outside a 95 % confidence ellipse area (TOE), was used to serve this purpose. This calculation enabled the examination of brief moments during a trial that were unique to each individual to allow for a different calculation of each participant's variability. This is arguably a more sensitive measure than a root mean square analysis, as these brief periods might be masked if only an average was taken. In addition to TOE, the frequency of excursions, as well as total displacement and velocity when traveling outside of the 95 % confidence ellipse, was calculated. TOE was calculated using the following equations along with the COP data.
Thus, the times when the COP radius was outside the above ellipse were recorded and summed to obtain the total time outside the 95 % confidence ellipse (TOE). In addition to the means, the standard deviations and SD of SD were calculated for each measure to facilitate the examination of the variability between and within trials.
Nutritional data analysis
Information collected from the multiple-day food record was entered into the Food Processor® SQL-ESHA database version 10.8.0 (ESHA Research, Salem, OR, USA). Unless otherwise indicated, each portion size was allocated as one serving of the Canadian standard or US Department of Agriculture. The food records were used to investigate the relationships between nutrients and muscle quantity. Protein, carbohydrates, fat, and vitamin D were all variables of interest that were included in statistical analysis. As protein was the major macronutrient of interest, it was normalized both by intake according to body mass and by total caloric intake to examine possible relationships with FFMI.
Defining sarcopenia FFMI was calculated using the following formula:
Participants with a FFMI two standard deviations below a young-adult reference population reported by Schutz et al. in 2002 were designated to be presarcopenic (as adapted from Janssen et al. in 2002) . If these participants also had a gait speed less than 0.8 m/s or hand grip strength less than the cutoff specified by EWGSOP according to BMI (approximately 30 kg for men or 20 kg for women), then they were classified as sarcopenic, and if they had both, they were identified as severely sarcopenic (Cruz-Jentoft et al. 2010) . Participants that had muscle mass 1-2 SD lower than the reference population were reported as having class I low muscle.
Statistical analyses
Statistical analyses were conducted using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA). Relationships between FFMI and possible predictive factors (e.g., biomechanical, clinical, anthropometrics, nutritional variables) were explored using Pearson's correlation coefficients. Data were separated to examine possible sex differences, as it has been shown that men and women are affected differently by falls (Web-based Injury Statistics Query and Reporting System, 2011). As falls have been linked to sarcopenia (Roubenoff, 2000) , it was of interest to examine population relationships as well as sex differences. These relationships were shown using Pearson's correlation coefficients and Student's t tests (p<0.05). The data were then randomly partitioned into two groups: the prediction group (n=57, 27 M/30 F) from which the regression analysis was performed on and a validation group (n= 28, 15 M/13 F) which was then used to cross validate the model. Stepwise forward and backward regressions were performed on the prediction group, and multicollinearity was assessed. In the final model, the variance inflation factors of each independent variable were less than 1.5. The residuals were normally distributed (Shapiro-Wilk test); they summed to zero and were heterogeneous and random. The significance for all statistical analyses was set at α=0.05.
Results
Subject characteristics and average results for clinical and biomechanical measures are outlined in Tables 1  and 2 . From the questionnaires, it was revealed that 63 (74 %) of our participants had at least some university or college education, and all but six (93 %) completed high school. None of the participants reported neurological or musculoskeletal diseases during the general health questionnaire. More than half of our participants had lower than normal grip strength (as stratified by BMI via EWGSOP). In our experimental population, 5 out of 85 individuals (three female and two male) were classified as sarcopenic (see Table 3 ). In addition, three other females were deemed presarcopenic, as their muscle mass was 2 SD lower than the reference population, yet they had no decrease in function or strength. Nine other older adults were considered to have class I muscle loss (muscle mass 1-2 SD below reference population), who, in addition, had low grip strength. Correlation coefficients are listed in Table 4 for the full sample population, as well as split between males and females. Fat-free mass index was significantly correlated with all circumference measures (waist, arm, calf, and thigh). FFMI was also correlated to sex, grip strength, BMI, and TOE. Several gait cycle parameters were correlated to FFMI including: cadence, step length, stride length, stride time, swing time, stance time, single-support time, and double-support time. FFMI was not correlated to the frequency of excursions or the total displacement outside of the ellipse; however, displacement and time were positively correlated. Results from the physical activity to scale for the elderly were not correlated to FFMI and nor were any of the diet-related variables that were examined. Sex was negatively correlated, indicating that women had significantly smaller FFMI than men. Maximum handgrip strength was correlated The prediction equation (Eq. 4) that accounted for the most variability of FFMI included sex (where male= 1, female=2), TOE, BMI, and step time (adjusted R 2 = 0.9272 for the prediction group, 0.8271 for the validation group; see Fig. 1 for the predicted versus measured FFMI values and Table 5 for regression information). The regression equation from our past study was applied to these data; however, the adjusted R 2 =0.6850 was slightly less than the R 2 =0.707 obtained from the previous sample population which included individuals residing both in the community and in an assistedliving facility.
Discussion
Body composition measurements revealed that 6 % of the study population were classified as sarcopenic. This is lower than other findings in the literature that range anywhere from 11 to 52 % in adults 65 and older (Fielding et al. 2011) . This variability could result from the various definitions of sarcopenia. For example, the current study defined sarcopenia using FFMI, while a model by Janssen et al (2002) used the skeletal Table 3 Sarcopenic classifications of the population used for this study; classifications were based on the EWGSOP model, using the reference population from Schutz et al. (2002) 
Sex
Low gait speed Low grip strength categorized by BMI
Class I low muscle
Pre-sarcopenic (class II low muscle)
Class I low muscle+low grip strength
Sarcopenic Severely sarcopenic
Male, n (%) 1 (1 %) 31 (74 %) 4 (10 %) 0 (0 %) 4 (10 %) 2 (5 %) 0 (0 %) Female, n (%) 0 (0 %) 26 (60 %) 11 (26 %) 3 (7 %) 5 (12 %) 3 (7 %) 0 (0 %) Step length 0.355 −0.108 0.064
Step time Fig. 1 Acquired prediction model using multiple linear regression analysis with the variables BMI, sex, step time, and time outside 95 % confidence ellipse; the population was divided into a prediction group (circles; adj. R 2 =0.9272) to make the model and a validation group (plus signs; adj. R 2 =0.8271) to verify the predictability of the proposed model muscle mass index (SMI). Using SMI to define sarcopenia is better for predicting sarcopenic obesity since it is representative of the percentage of muscle mass; however, that model is more likely to include false positives in classifying sarcopenia since they also include anyone 1-2 standard deviations below a young reference population (class I). The older adults in the current study were all completely independent and mobile, living within the community in Guelph. The purpose of this study was to determine the best predictors of FFMI in a community-dwelling population and to validate a model presented previously by our lab group (Krause et al. 2011) . The original regression model included waist circumference, grip strength, doublesupport time, and the variability of sway range in the sagittal plane. When applied to the current population, the predictability of the variation of FFMI decreased by 5.7 %; therefore, we created a new regression that could be applied to a fully community-dwelling population. This decrease in accuracy could be accounted for by the differing ages and functionality of the participants in each study. The current population was on average 7 years younger and resided independently within the community, while many of the participants from the previous study resided in an assisted-living facility. Of note, the current population scored very high on our clinical assessment of gait/balance, the DGI; mean score was ∼22 (±2.4) out of a possible 24 indicating that our population was high functioning. Due to differences within the populations studied currently and the population studied initially, our regression equation evolved and revealed that for community-dwelling older adults, age, BMI, sex, step time, and TOE were the best predictors for the variance of FFMI. These variables predicted FFMI with a high degree of accuracy (∼83-93 %). In theory, careful measurement and tracking of these predictor variables will enable clinicians to predict FFMI and assess sarcopenia, without the use of expensive body composition devices. Early detection of lowered FFMI (and subsequently sarcopenia) may facilitate implementation of early intervention programs to slow or halt the progression of sarcopenia. The current model has the potential to enable detection before an individual is classified as "at risk" of developing further complications due to sarcopenia (according to Fielding et al. in 2011) and in fact was sensitive enough to predict a reduction in fat-free mass before function was severely attenuated, as indicated by the remarkable average gait speed (1.4±0.2 m/s) and high Dynamic Gait Index scores observed in our sample population.
It was interesting to note that grip strength was significantly correlated to FFMI in men but not women and that the opposite held true for age. It should also be noted that each sarcopenic individual had decreased grip strength, but no individuals exhibited a marked decrease in gait speed as defined by the EWGSOP (Cruz-Jentoft et al. 2010) . As cadence was negatively correlated to FFMI (and step time was positively correlated), this raised a concern with the current guidelines proposed by the EWGSOP group for the determination of sarcopenia (Cruz-Jentoft et al. 2010 ). Within our sample population of older adults, women took quicker steps than the men, but in general had a lower quantity of fat-free mass. Men took slower, but longer, steps, which made the average gait speeds identical between sexes. This indicates that more than a simple timed walking task should be performed when attempting to evaluate an individual's functional ability and muscle mass. It should also be noted that each sarcopenic individual in this study was classified as such due to decreased grip strength and not decreased gait speed. Gait speed impairments might become an issue in assisted-living facilities or in frail older adults, but this measure is not sensitive enough for early detection of sarcopenia in communitydwelling individuals. In addition to common postural measures such as ranges and velocities of the center of pressure, the time spent outside a 95 % confidence ellipse area was measured. The frequency of excursions outside the ellipse was not related to FFMI; however, the amount of time spent and displacement outside of this area were positively correlated. This indicates that individuals with more muscle mass were able to have a greater control of their COP outside of their normal sway area. These individuals remained stable while pushing the boundaries of their COP in a controlled manner. Unfortunately, the nutrition measures used in this study were not strong indicators of fat-free mass quantity. While the literature indicates the importance of protein consumption for muscle development especially in older adults (Kim et al. 2010) , there was no correlation between these measures. It should be noted that the average participant consumed 1.10-1.27 g of protein per kilograms of body weight, which is more than the suggested 0.8 g/kg for older adults (Trumbo et al. 2002) . Since this sample of older adults consumed on average more protein than the recommended amount for their age group, the muscle deficits observed in this study were likely a result of external factors rather than protein deficiencies. All circumference measures were correlated to FFMI, yet they were poor predictors for the calculated FFMI. Of note, there were no sarcopenic obese participants within our sample population. In larger populations where this may be an issue, circumference measures may prove to be unreliable predictors of FFMI and should therefore be considered cautiously. While this pilot study was able to recruit 85 reportedly healthy community-dwelling older adults, there were several limitations. The participants were well educated (>57 % of the total population were college/ university educated), and as a whole, 75 % either met or exceeded the average physical activity levels outlined by their PASE score as stratified by sex and age (Washburn et al. 1993) . Physical and education levels were not inclusion criteria (other than being able to walk for 18 m); however, this reflects some of the socioeconomic and lifestyle attributes associated with one of the retirement areas that made up a large portion of our recruited population. This may limit the predictability of the current equation to all ethnic groups and social classes of older adults. All but two participants returned their 3-day food records. Although food records have been shown to provide more accurate results than food frequency questionnaires (Prentice et al. 2011) , this may have been a limitation, as these records were heavily dependent on accurate descriptions. Multiple lab assistants input these records, which may also have had an effect on the accuracy of their results. There are many steps involved in obtaining nutritional information from a food record which may have compounded error. In the future, this could be avoided by the use of blood samples which give a clear indication of nutrient absorption. This approach is invasive, however, and was not within the scope of the current study. In addition, it would have been ideal to have used a gold standard imaging technique for the body composition measures. This was not a possibility for the current study; however, it would be interesting to validate our proposed model using these alternate tools in the future. Given the studied population, the regression equation presented met all the statistical assumptions, while providing a strong model for predicting fat-free mass index. Lastly, the population used was very high functioning; therefore, future research will involve further testing of this model with older adults residing in an assisted-living facility.
Conclusion
The etiology of sarcopenia is still under debate due to the numerous factors that influence muscle throughout the aging process. The multifaceted nature of this condition makes it necessary to examine a variety of factors to predict the presence of sarcopenia. In this respect, multiple linear regression analysis was ideal for the prediction of fat-free mass index as it included anthropometric, balance, gait, and demographical information. The current model evolved from a previous model proposed by our laboratory group (Krause et al. 2011) . While the EWGSOP's definition of sarcopenia was used in the present work, our results suggest that subtle functional changes may not be evident when using this definition in community-dwelling older adults (e.g., reductions in gait speed); we propose that a more diverse and multifaceted working definition is required for clinicians working with this population. For example, we found that different components of gait speed (cadence and step length) were more closely related to FFMI than the overall measurement of gait speed. While the EWGSOP's model is well respected for the diagnosis of sarcopenia, if early intervention is the ultimate goal, a more sensitive model is required to facilitate the detection of minor changes before major functional deficits occur. The current regression model predicts fat-free mass index with a high degree of accuracy in healthy communitydwelling older adults and should facilitate the accurate prediction of FFMI, and ultimately sarcopenia, by clinicians using simple measurements that are inexpensive and readily available. While TOE is a novel technique that requires a force plate, rapid advancements in technology suggest that the same type of measurement should be available using a simple Wii fit system (an increasingly popular video game that is beginning to be used in research; Clark et al. 2010 ) in the near future. All other predictors in the model are already available to any clinician. In the future, use of this predictive model to plan intervention strategies to attenuate the progression of sarcopenia may result in a decrease in the risk of falls, even in a high-functioning older adult population.
